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(57) ABSTRACT

A hybrid substrate having a high-mobility surface for use
with planar and/or multiple-gate metal oxide semiconductor
field effect transistors (MOSFETs) is provided. The hybrid
substrate has a first surface portion that is optimal for n-type
devices, and a second surface portion that is optimal for
p-type devices. Due to proper surface and wafer flat orien-
tations in each semiconductor layers of the hybrid substrate,
all gates of the devices are oriented in the same direction and
all channels are located on the high mobility surface. The
present invention also provides for a method of fabricating
the hybrid substrate as well as a method of integrating at
least one planar or multiple-gate MOSFET thereon.
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FIG. 2A
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HYBRID SUBSTRATE TECHNOLOGY FOR
HIGH-MOBILITY PLANAR AND MULTIPLE-GATE
MOSFETS

RELATED APPLICATIONS

[0001] This application is a divisional of U.S. patent
application Ser. No. 10/872,605 filed Jun. 21, 2004.

FIELD OF THE INVENTION

[0002] The present invention relates to complementary
metal oxide semiconductor (CMOS) device technology, and
more particularly to CMOS structures and processes for use
in high-performance CMOS applications. In particular, the
present invention provides a hybrid substrate having a
high-mobility surface for use with planar and multiple gate
metal oxide semiconductor field effect transistors (MOS-
FETs).

BACKGROUND OF THE INVENTION

[0003] CMOS device performance can be improved by
reducing the gate length and/or by increasing the carrier
mobility. To reduce the gate length, the device structure must
have good electrostatic integrity. It is known that single-gate
ultra-thin body MOSFETs, and multiple-gate MOSFETs,
such as FinFET and tri-gate structures, have better electro-
static property compared to conventional bulk CMOS
devices.

[0004] Co-assigned U.S. Pat. No. 6,911,383 to Doris et al.
discloses a process to integrate both planar ultra-thin body
SOI MOSFET, and FinFET devices on the same wafer. In
accordance with this disclosure, the structure is fabricated by
a method that includes the steps of providing a SOI structure
comprising at least a top semiconductor layer located on a
buried insulating layer, the top semiconductor layer having
at least one patterned hard mask located in a FinFET region
of the structure and at least one patterned hard mask located
in a FET region of the structure; protecting the FET region
and trimming the at least one patterned hard mask in the
FinFET region; etching exposed portions of the top semi-
conductor that are not protected with the hard mask stopping
on the buried insulating layer, the etching defining a FinFET
active device region and a FET active device region, the
FinFET active device region being perpendicular to the FET
active device region; protecting the FinFET active device
region and thinning the FET active device region so that the
FET device region has a height that is less than the height of
the FinFET active device region; forming a gate dielectric on
each exposed vertical surface of the FinFET active device
region, while forming a gate dielectric on an exposed
horizontal surface of the FET device region; and forming a
patterned gate electrode on each exposed surface of the gate
dielectric.

[0005] The term ‘“ultra-thin” is used throughout the
present application to denote a thickness of about 30 nm or
less. The term “tri-gate” is used throughout the present
application to denote a tri-gate device that comprises three
conducting channels, one top surface and two vertical sur-
faces of the Fin. The term “FinFET” is used throughout the
present invention to denote a double gate device that com-
prises a tall, yet thin vertical channel region.

[0006] Tt is known in the art that carrier mobility depends
on surface orientation. For instance, electrons are known to
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have a high mobility for a (100) surface orientation, but
holes are known to have high mobility for a (110) surface
orientation. That is, hole mobility values on a (100) surface
are roughly 2x-4x lower than the corresponding electron
hole mobility for this crystallographic orientation. Co-as-
signed U.S. Patent Application Publication No. 2004/
0256700, discloses a method to integrate these two surfaces
on the same wafer such that planar MOSFETs are built on
the high mobility surface. That is, nFETs are built on a (100)
surface and pFETs are built on a (110) surface. In accor-
dance with this disclosure, a hybrid substrate having a
surface of different crystal orientations is provided by wafer
bonding two wafers having different crystallographic orien-
tations, masking, etching through one wafer to the other
wafer to expose a surface thereof and regrowth of a semi-
conducting material having the same crystallographic ori-
entation as the exposed surface.

[0007] When a tri-gate is fabricated on a standard (100)
wafer with the alignment wafer flat parallel to the <110>
direction, mixed surface orientation for the channels are
formed if the gate is oriented in parallel to the wafer flat. See,
for example, FIG. 1A, This tri-gate device structure cannot
provide optimum mobility for n-type or p-type MOSFETs.
An optimum n-type tri-gate FET can be obtained by fabri-
cating an n-type tri-gate FET on a standard (100) wafer with
the alignment wafer flat parallel to the <110> direction and
the gate is oriented at 45 from the alignment wafer flat. See,
for example, FIG. 11B. Alternatively, an optimum n-type
tri-gate FET can be obtained by fabricating an n-type tri-gate
FET on (100) wafer with the alignment wafer flat parallel to
the <100> direction and the gate oriented parallel to the
wafer flat. See, for example, FIG. 1C. An optimum p-type
tri-gate FET can be obtained by fabricating a p-type tri-gate
FET on (110) wafer with the alignment wafer flat parallel to
the <110> direction and the gate oriented parallel to the
alignment wafer flat. See, for example, FIG. 1D.

[0008] Presently, it is possible to layout the n-type FinFET
and the p-type FinFET by an angle of 45° on a (100) surface
oriented wafer to obtain high mobility nFETs and pFETs,
such a layout, however, is not preferable using today’s
lithography technology. Moreover, this approach cannot
simultaneously provide high mobility planar/multi-gate
nFETs and pFETs. Instead, it is desirable to provide a
method in which the gate of the nFET and the pFET devices
are both oriented in the same direction and yet all channels
are on high mobility surface for both nFET and pFET. There
is no known prior art that is presently capable of achieving
this requirement.

[0009] Hence, a substrate structure and a method of fab-
ricating the same are needed to make planar and/or multiple-
gated MOSFETs, such as FinFETS and tri-gate MOSFETs,
in which all of the channels are oriented on high mobility
surfaces with the gate at same direction.

SUMMARY OF THE INVENTION

[0010] The present invention provides a hybrid substrate
which has an upper surface that has regions of different
crystallographic orientation such that all channels and gates
of planar and/or multiple-gated MOSFETs are oriented in
the same direction, wherein the n-type devices are located on
a surface orientation that enhances the performance of those
types of devices and the p-type devices are located on a
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surface orientation that enhances the performance of those
types of devices. That is, the present invention provides a
hybrid substrate having an upper surface of different crys-
tallographic orientations in which the planar and/or mul-
tiple-gated MOSFETs are integrated such that they are
located on a high mobility surface. Typically, the n-type
devices are built on a (100) semiconductor surface for
optimal device performance and the p-type devices are built
on a (110) semiconductor surface for optimal device per-
formance.

[0011] The hybrid substrate having different crystallo-
graphic orientations in which the channels and gates of all
the various devices can be oriented in the same direction can
be both SOI like, or alternatively one of the surfaces can be
bulk like and the other surface can be SOI like.

[0012] In broad terms, the present invention provides a
hybrid substrate having high mobility crystallographic ori-
entations at the surface thereof, which includes:

[0013] a surface comprising a second semiconductor layer
and a regrown semiconductor layer, wherein said second
semiconductor layer has a second crystallographic orienta-
tion and the regrown semiconductor layer has a first crys-
tallographic orientation that differs from the second crystal-
lographic orientation;

[0014] a liner or spacer separating at least said second
semiconductor layer and said regrown semiconductor layer;

[0015] an insulating layer located beneath said second
semiconductor layer; and

[0016] a first semiconductor layer located beneath said
insulating layer and said regrown semiconductor layer,
wherein said first semiconductor layer is in contact with the
regrown semiconductor layer, has a crystallographic orien-
tation that is the same as the regrown semiconductor layer,
and said first semiconductor layer and said second semicon-
ductor layer each contain a wafer flat that are aligned to each
other.

[0017] In addition to the hybrid substrate mentioned
above, the present invention also relates to a high-mobility
structure comprising:

[0018] a hybrid substrate containing a surface comprising
a second semiconductor layer and a regrown semiconductor
layer, wherein said second semiconductor layer has a second
crystallographic orientation and the regrown semiconductor
layer has a first crystallographic orientation that differs from
the second crystallographic orientation; a liner or spacer
separating at least said second semiconductor layer and said
regrown semiconductor layer; an insulating layer located
beneath said second semiconductor layer; a first semicon-
ductor layer located beneath said insulating layer and said
regrown semiconductor layer, wherein said first semicon-
ductor layer is in contact with the regrown semiconductor
layer, and has a crystallographic orientation that is the same
as the regrown semiconductor layer; and

[0019] Planar or multiple-gate MOSFET devices present
on both said second semiconductor layer and said regrown
semiconductor layer, wherein said devices have channels
and gates that are oriented in the same direction and are
present on a surface that is optimal for said MOSFET device.

[0020] The present invention also provides a method of
forming the hybrid substrate mentioned above as well as a
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method for integrating planar and/or multiple-gate MOS-
FETs on the hybrid substrate.

[0021] The hybrid substrate is provided by the steps of:

[0022] forming a structure comprising a first semiconduc-
tor layer of a first crystallographic orientation with a first
wafer flat and a second semiconductor layer of a second
crystallographic orientation with a second wafer flat sepa-
rated by an insulating layer, wherein said first crystallo-
graphic orientation differs from the second crystallographic
orientation, and second semiconductor layer is located atop
said first semiconductor layer and the wafer flat on each
semiconductor layers are in the same crystallographic direc-
tion as the surface;

[0023] protecting a first portion of the structure to define
a first device area, while leaving a second portion of the
structure unprotected, said unprotected portion of the struc-
ture defining a second device area;

[0024] etching said unprotected portion of the structure to
expose a surface of the first semiconductor layer;

[0025] regrowing a semiconductor material on said
exposed surface of the first semiconductor layer, said semi-
conductor material having a crystallographic orientation that
is the same as the first crystallographic orientation; and

[0026] planarizing the structure containing the semicon-
ductor material so that an upper surface of the second
semiconductor layer is substantially planar with an upper
surface of the semiconductor material.

[0027] For a standard (100) wafer with wafer flat parallel
to <110> direction, the wafer is rotated 45° such that the
wafer flat is aligned to a (110) wafer with wafer flat parallel
to <110> direction by 45°. Alternatively, a (100) wafer with
wafer flat parallel to the <100> direction is aligned to a (110)
wafer with wafer flat parallel to <110> direction.

[0028] In some embodiments of the present invention, a
buried oxide region is formed by ion implantation and
annealing after said planarizing step is performed

[0029] Planar and/or multiple-gate MOSFETs are then
formed on the upper surface of the second and regrown
semiconductor material. Specifically, a method of forming a
high mobility semiconductor structure is provided that com-
prises:

[0030] providing a hybrid substrate containing a surface
comprising a second semiconductor layer and a regrown
semiconductor layer, wherein said second semiconductor
layer has a second crystallographic orientation and the
regrown semiconductor layer has a first crystallographic
orientation that differs from the second crystallographic
orientation; a liner or spacer separating at least said second
semiconductor layer and said regrown semiconductor layer;
an insulating layer located beneath said second semiconduc-
tor layer; a first semiconductor layer located beneath said
insulating layer and said regrown semiconductor layer,
wherein said first semiconductor layer is in contact with the
regrown semiconductor layer, and has a crystallographic
orientation that is the same as the regrown semiconductor
layer; and

[0031] forming planar or multiple-gate MOSFETs on both
said second semiconductor layer and said regrown semicon-
ductor layer, wherein said planar or multiple-gate MOSFETs
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have channels and gates that are oriented in the same
direction and are present on a surface that is optimal for said
MOSFET.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] FIGS. 1A-1D are pictorial representations illustrat-
ing tri-gate structures fabricated on standard semiconductor
wafers.

[0033] FIGS. 2A-21 are pictorial representations (through
cross sectional views) illustrating basic processing steps
used in the present invention to fabricate a hybrid substrate
having a high mobility surface in which planar and/or
multiple-gate MOSFETs are built upon.

[0034] FIGS. 3A-3B are pictorial representations (through
3-D side views) of initial substrates that can be employed in
the present invention.

[0035] FIG. 4 is a pictorial representation (through a top
down view) illustrating the structure that is formed after
fabricating planar and/or multiple-gate MOSFETs on the
hybrid substrate of the present invention.

DETAILED DESCRIPTION OF THE
INVENTION

[0036] The present invention, which provides a hybrid
substrate for high-mobility planar and/or multiple-gate
MOSFETs and a method of forming the hybrid substrate as
well as the devices thereon, will now be described in more
detail by referring to the drawings that accompany the
present application.

[0037] FIG. 2A illustrates the initial substrate that is
employed in the present invention. As shown, the initial
substrate 10 of the present invention comprises a first (i.e.,
bottom) semiconductor layer 12, an insulating layer 14, and
a second (i.e., top) semiconductor layer 16. The initial
substrate may further include an optional semiconductor
layer (not shown) that is located beneath the first (i.e.,
bottom) semiconductor layer. In this optional initial sub-
strate, another insulating layer separates the first (i.e. bot-
tom) semiconductor layer from the optional semiconductor
layer.

[0038] The first semiconductor layer 12 is comprised of
any semiconductor material including, for example, Si, SiC,
SiGe, SiGeC, Ge, Ge alloys, GaAs, InAs, InP as well as
other III/V or II/VI compound semiconductors. The first
semiconductor layer 12 may also comprise a silicon-on-
insulator (SOI) layer of a preformed SOI substrate or a
layered semiconductor such as, for example, Si/SiGe. The
first semiconductor layer 12 is also characterized as having
a first crystallographic orientation that can be (100) or (110).
When the first semiconductor layer 12 has a (110) orienta-
tion, an alignment wafer flat is provided in the <110>
direction. When the first semiconductor layer 12 has a (100)
crystal orientation, an alignment wafer flat is provided in the
<100> direction. The first semiconductor layer may be a
strained layer, an unstrained layer or it may contain a
combination of strained/unstrained layers. In a preferred
embodiment, the first semiconductor layer 12 is a Si-con-
taining substrate having a (110) orientation with a wafer flat
in the <110> direction. The wafer flat is formed in the
semiconductor layer using standard techniques that are well
known to those skilled in the art.
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[0039] The thickness of the first semiconductor layer 12
may vary depending on the initial starting wafers used to
form the substrate shown in FIG. 2A. Typically, however,
the first semiconductor layer 12 has a thickness from about
5 nm to about 200 pm, with a thickness from about 5 to
about 100 nm being more typical.

[0040] The insulating layer 14 that is present between the
first semiconductor layer 12 and the second semiconductor
layer 16 can be an oxide, nitride, oxynitride or any combi-
nation thereof. Preferably, the insulating layer 14 is an oxide.
The thickness of insulating layer 14 may vary depending
again on the initial wafers used in creating the substrate
shown in FIG. 2A. Typically, however, the insulating layer
14 has a thickness from about 1 to about 500 nm, with a
thickness from about 5 to about 100 nm being more typical.

[0041] The second semiconductor layer 16 is comprised of
any semiconductor material including, for example, Si, SiC,
SiGe, SiGeC, Ge, Ge alloys, GaAs, InAs, InP as well as
other I1I/V or II/VI compound semiconductors. The second
semiconductor layer 16 may also comprise a silicon-on-
insulator (SOI) layer of a preformed SOI substrate or a
layered semiconductor such as, for example, Si/SiGe. The
second semiconductor layer 16 can be comprised of the
same semiconductor material as the first semiconductor
layer 12 with the proviso that the second semiconductor
layer 16 has a second crystallographic orientation that is
different from the first semiconductor layer 12. Thus, the
second semiconductor layer 16 has a second crystallo-
graphic orientation that can be (100) or (110), which differs
from the crystallographic orientation of the first semicon-
ductor layer 12.

[0042] When the first semiconductor layer 12 has a (110)
orientation, the second semiconductor layer 16 would have
a (100) orientation. Likewise, when the first semiconductor
layer 12 has a (100) crystal orientation, the second semi-
conductor layer 16 has a (110) crystallographic orientation.
The second semiconductor layer 16 may be a strained layer,
an unstrained layer or it may contain a combination of
strained/unstrained layers. Preferably, the second semicon-
ductor layer 16 is a Si-containing layer having a (100)
crystal orientation with an alignment wafer flat in the <100>
direction.

[0043] The thickness of the second semiconductor layer
16 may vary depending on the initial starting wafers used to
form the substrate shown in FIG. 2A. Typically, however,
the second semiconductor layer 16 has a thickness from
about 5 to about 500 nm, with a thickness from about 5 to
about 100 nm being more typical.

[0044] The substrate 10 shown in FIG. 2A is obtained by
a layer transfer process in which two wafers and thermal
bonding are employed. Specifically, the layer transfer is
achieved by bring two wafers into intimate contact with
each, optionally applying an external force to the contacted
wafers, and ten heating the two contacted wafers under
conditions that are capable of bonding the two wafers.

[0045] In accordance with the present invention, one of
the wafers contains at least the first semiconductor layer 12
and the other contains at least the second semiconductor
layer 16. Also, at least one of the wafers includes an
insulating layer that becomes insulating layer 14 shown in
FIG. 2A. In some embodiments, both wafers can include an
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insulating layer. In the present invention, layer transfer is
achieved by semiconductor/insulating bonding or insulating/
insulating bonding. Bulk semiconductor wafers can be used,
SOI wafers can be used or a combination of bulk and SOI
can be employed. In some embodiments, one of the wafers
used in layer transfer includes an implant region, such as a
hydrogen implant region, that can be used to split a portion
of at least one of the wafers during the layer transfer process.

[0046] The contact step mentioned above differs from
conventional contact steps used in layer transfer in that the
wafer including the second semiconductor layer 16 is rotated
45° from the normal wafer configuration (normal (100)
wafer configuration has wafer flat parallel to <110> direc-
tion). This rotation ensures that the alignment wafer flat of
the second semiconductor layer 16 is aligned to the align-
ment wafer flat of the first semiconductor layer at proper
rotation. See, FIG. 3A, for example. Alternatively, the wafer
flat for (100) wafer should be located parallel to <100>
direction and aligned to (110) wafer with wafer flat parallel
to <110> direction. See, for example, FIG. 3B. This step can
ensure that MOSFETs, including planar and multiple-gate
FETs, fabricated on this hybrid substrate will have channels
always located on high mobility planes.

[0047] The heating step used during layer transfer may be
performed in the presence or absence of an external force.
The heating step is typically performed in an inert ambient
at a temperature from about 200° to about 1050° C. for a
time period from about 2 to about 20 hours. More preferably,
bonding is performed at a temperature from about 200° to
about 400° C. The term “inert ambient” denotes an atmo-
sphere which does not react with any of the semiconductor
wafers. [llustrative examples of inert ambients include, for
example, He, Ar, N,, Xe, Kr, or a mixture thereof can be
employed. A preferred ambient used for bonding is N,.

[0048] Following the layer transfer process, a planariza-
tion process (not shown) can be employed to remove some
material from one of the semiconductor wafers. The pla-
narization step is particularly employed when two SOI
wafers are used in the layer transfer process.

[0049] Next, a pad stack 18 comprising at least one
insulating material is formed atop the second semiconductor
layer 16 shown in FIG. 2A providing the structure shown in
FIG. 2B. The pad stack 18 can be composed of an oxide,
nitride, oxynitride or any combination thereof. In one
embodiment, for example, the pad stack 18 can be a Si;N,
layer formed atop a SiO, layer. The pad stack 18 is formed
by a deposition process and/or a thermal growth process.
The deposition process includes, for example, chemical
vapor deposition (CVD), plasma-enhanced chemical vapor
deposition (PECVD), atomic layer deposition, chemical
solution deposition and other like deposition processes. The
thermal growth process includes an oxidation, nitridation,
oxynitridation or a combination thereof: In the preferred pad
stack 18 mentioned above, the SiO, layer is formed by an
oxidation process and the Si;N, is formed via deposition.

[0050] The pad stack 18 can have a variable thickness that
is dependent on the type of insulating material employed as
well as the number of insulating layers within the stack.
Typically, and for illustrative purposes, the pad stack 18 has
a thickness from about 1 to about 200 pum, with a thickness
from about 5 to about 50 nm being more typical.

[0051] A mask (not shown) is then formed on a predeter-
mined portion of the structure shown in FIG. 2B so as to
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protect a first portion of the structure, while leaving a second
portion of the structure unprotected. The protected portion of
the structure defines a first device region 22, whereas the
unprotected portion of the structure defined a second device
region 24. The various device regions are shown, for
example, in FIG. 2C.

[0052] In one embodiment of the present invention, the
mask is formed on a predetermined portion of the pad stack
18 by first applying a photoresist mask to the entire surface
of the structure. After application of the photoresist mask,
the mask is patterned by lithography, which includes the
steps of exposing the photoresist to a pattern of radiation and
developing the pattern utilizing a resist developer. Alterna-
tively, and when the pad stack 18 includes multiple insula-
tors in which the upper layer thereof is a nitride or oxyni-
tride, the upper layer serves as the mask used in defining the
different device regions. In this embodiment, the upper
nitride or oxynitride layer of the pad stack 18 is patterned by
lithography and etching. The upper nitride or oxynitride
layer of the pad stack 18 may, in some instances, be removed
after defining the second device region.

[0053] After providing the mask (not shown) to the struc-
ture shown in FIG. 2B, the structure is subjected to one or
more etching steps so as to expose a surface of the under-
lying first semiconductor layer 12. The resultant structure
that is formed after the one or more etching steps have been
performed and after mask removal is shown, for example, in
FIG. 2C. Specifically, the one or more etching steps used at
this point of the present invention removes the unprotected
portion of the pad stack 18, as well as an underlying portion
of the second semiconductor layer 16, and a portion of the
insulating layer 14 that separates the first semiconductor
layer 12 from the second semiconductor layer 16.

[0054] The etching may be performed utilizing a single
etching process or multiple etching steps may be employed.
The etching used at this point of the present invention may
include a dry etching process such as reactive-ion etching,
ion beam etching, plasma etching or laser etching, a wet
etching process wherein a chemical etchant is employed or
any combination thereof. In a preferred embodiment of the
present invention, reactive-ion etching (RIE) is used in
selectively removing the unprotected portions of the pad
stack 18, the second semiconductor layer 16 and the insu-
lating layer 14 in the second semiconductor device region
24. Note that the etching step provides an opening 20 having
sidewalls 21. Despite showing a structure having one open-
ing, the present invention also contemplates other structures
in which a plurality of such openings is formed. In such an
embodiment, multiple second device regions and multiple
first device regions can be formed.

[0055] After etching, the mask is removed from the struc-
ture utilizing a conventional resist stripping process and then
a liner or spacer 26 is formed on the exposed sidewalls 21.
The liner or spacer 26 is formed by deposition and etching.
The liner or spacer 26 is comprised of an insulating material
such as, for example, an oxide, nitride, oxXynitride or any
combination thereof. The structure including liner or spacer
26 formed on each sidewall 21 of opening 20 is shown in
FIG. 2D.

[0056] After forming the liner or spacer 26, a semicon-
ductor material 28 is formed on the exposed surface of the
first semiconductor layer 12. In accordance with the present
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invention, semiconductor material 28 has a crystallographic
orientation that is the same as the crystallographic orienta-
tion of the first semiconductor layer 12. The resultant
structure is shown, for example, in FIG. 2E.

[0057] The semiconductor material 28 may comprise any
Si-containing semiconductor, such as Si, strained Si, SiGe,
SiC, SiGeC or combinations thereof, which is capable of
being formed utilizing a selective epitaxial growth method.
In some preferred embodiments, semiconductor material 28
is comprised of Si. In other preferred embodiments, the
semiconductor material is a strained Si layer that is located
atop a relaxed SiGe alloy layer. In the present invention,
semiconductor material 28 may be referred to as a regrown
semiconductor material or layer.

[0058] Next, the structure shown in FIG. 2E is subjected
to a planarization process such as chemical mechanical
polishing (CMP) or grinding such that an upper surface of
the semiconductor material 28 is substantially planar with an
upper surface of the pad stack 18. The resultant structure
formed after the first planarization process has been per-
formed is shown, for example, in FIG. 2F.

[0059] After the first planarization step, a second pla-
narization step is performed to provide the planar structure
shown in FIG. 2G. In the structure shown in FIG. 2G, the
second planarization process removes the pad stack 18 from
the structure. In the illustrated structure shown in FIG. 2G,
the regrown semiconductor material 28 has an upper surface
that is coplanar with the upper surface of the second semi-
conductor layer 16. Hence, these planarization steps expose
the active device regions 22, 24 in which the planar and/or
multiple-gate MOSFETs can be build.

[0060] FIG. 2H shows an optional, yet highly preferred,
step of the present invention in which oxygen ions 30 are
implanted into the structure so as to form an implant region
32 that is rich in oxygen ions within the structure. The
optional implant is performed by ion implantation using an
oxygen ion dose from about 10"’ to about 5x10'7 atoms/
cm?. The ion dose employed in the present invention should
be sufficient for forming an implant region 32 having a
sufficient concentration of oxygen ions that can be converted
into a buried oxide region during a subsequent high tem-
perature annealing step. The implant region 32 is typically
formed in both the second semiconductor layer 16 and the
regrown semiconductor layer 28. In some embodiments, a
masked ion implantation process can be used such that the
oxygen ions are implanted into either the second semicon-
ductor layer 16 or the regrown semiconductor layer 28. The
later embodiment could provide means for providing selec-
tive buried oxide regions 34 in the structure. Although
oxygen ions are described and illustrated, other ions that can
be used in forming an ion implant rich region for subsequent
transformation into a buried insulating region can be
employed.

[0061] FIG. 2I shows the structure that is formed after the
high temperature annealing step has been performed. In the
structure shown in FIG. 21, reference numeral 34 denotes the
buried oxide region that is formed. Note that the presence of
the buried oxide region 34 ensures that the both device
regions, 22 and 24, are SOI like. The high temperature
annealing step may be carried out in an inert ambient such
as He, Ar, N,, Xe, Kr, Ne or mixtures thereof, or an
oxidizing ambient which includes at least one oxygen-
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containing gas such as, for example, O,, NO, N,O, ozone,
air, or other oxygen-containing ambients. Alternatively, the
ambient used in the high temperature annealing step can
include a mixture of oxygen-containing gases and inert
gases. When an ambient includes an oxygen-containing gas,
the buried oxide region 34 may include a thermal oxide
region, and a surface oxide that is typically stripped from
atop the exposed surface of the structure.

[0062] The high temperature annealing step used in form-
ing the buried oxide region 34 is performed at a temperature
from about 1000° to about 1400° C., with a temperature
from about 1200° to about 1300° C. being more highly
preferred. The annealing step can be carried out for a
variable time period that typically ranges from about 60 to
about 3000 minutes. The annealing step may be performed
at a single targeted temperature, or various ramp and soak
cycles using various ramp and soak temperatures and times
can be employed. The annealing step may be a rapid thermal
anneal (RTA), a laser anneal or other energy sources such as
electrons beams are also contemplated herein. Alternatively,
a fuirnace anneal can be used. When a furnace anneal is
employed, the annealing times are typically greater than
those of RTA.

[0063] It should be noted that the hybrid substrate shown
in either FIG. 2G or FIG. 2I can be used in the present
invention. The hybrid substrate shown in FIG. 21 is preferred
over the hybrid substrate shown in FIG. 2G because both
device areas are SOI like and the upper most device regions
contain an ultra thin semiconductor layer 16 or 28, as
compared to FIG. 2G.

[0064] FIG. 4 shows the resultant structure that is formed
after fabricating a planar and/or multiple-gate MOSFET,
such as a tri-gate MOSFET and/or FinFET, on the hybrid
substrate of the present invention. In FIG. 4 reference
numeral 50 denotes the gate of each device and reference
numeral 52 denotes the planar and/or multiple-gated device.
In accordance with the present invention, the n-devices are
formed on the semiconductor surface (16, 28) that has a
(100) surface orientation and the p-devices are formed on
the semiconductor surface (16, 28) that has a (110) surface
orientation. Moreover, the gates for both the NFET and
pFET are orientated toward the same direction. The hybrid
orientation substrate has been prepared such that the gate of
the n-devices is oriented to the <100> direction such that all
channels are on (100) surfaces (on the top and the two sides
of the Fin) and the gate of the p-devices is oriented to the
<110> direction such that all channels are on (110) surfaces
(on the top and the two sides of the Fin). With this process,
it is possible to build high mobility devices such that the all
the device channels are on high mobility planes and gates are
oriented in the same direction. The planar and/or multiple-
gate MOSFETs are fabricated using techniques that are well
known to those skilled in the art.

[0065] For example, the various devices can be fabricated
using the process disclosed in co-assigned U.S. patent
application Ser. No. 10/604,097, filed Jun. 26, 2003, the
entire content of which is incorporated herein by reference.
The process described in the 097 application which can be
used herein includes providing at least one patterned hard-
mask located in a FinFET region of the hybrid substrate and
at least one patterned hardmask located in a tri-gate region
of the hybrid substrate; protecting the tri-gate region and
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trimming the at least one patterned hard mask in said
FinFET region; etching exposed portions of the top semi-
conductor layers 16, 28 that are not protected with the
hardmasks stopping on a surface of the buried insulating 14
or buried oxide region 34, said etching defining a FinFET
active device region and a tri-gate active device region, said
FinFET active device region being perpendicular to the
tri-gate active device region; protecting the FinFET active
device region and thinning the tri-gate active device region
so that the tri-gate device region has a height that is less than
the height of the FinFET active device region; forming a
gate dielectric on each exposed vertical surface of the
FinFET active device region, while forming a gate dielectric
on an exposed horizontal surface of the tri-gate device
region; and forming a patterned gate electrode on each
exposed surface of the gate dielectric.

[0066] The various materials and components present in
the FinFET and the tri-gate device regions are also well
known therefore a detailed discussion concerning the same
is not provided herein. For example, each device includes a
gate dielectric that may comprise an oxide, nitride, oxyni-
tride or any combination thereof. Preferably, the gate dielec-
tric is an oxide such as, but not limited to: SiO,, Al,O,,
perovskite oxides, or other like oxides. The gate dielectric
can be formed utilizing a thermal oxidation, nitridation, or
oxynitridation process. Note that the FinFET active device
will contain two gate dielectrics formed on exposed vertical
surfaces of one of the semiconductor layers, i.e., 16 or 38,
while the multiple-gated device can have multiple gate
dielectrics, as appropriate.

[0067] A gate conductor is also present in each type of
device. The gate conductor can be formed utilizing a con-
ventional deposition process such as, for example, chemical
vapor deposition (CVD), plasma-assisted CVD, evapora-
tion, sputtering, chemical solution deposition, or atomic
layer deposition. The gate conductor may comprise poly-Si;
an elemental metal such as W; an alloy containing one or
more elemental metals; a silicide; or a stack combination
thereof, such as, for example, poly-Si/W or silicide.

[0068] A substrate structure and a method of fabricating
the same has been described to make planar and/or multiple-
gated MOSFETs, such as FinFETS and tri-gate MOSFETs,
in which all of the channels are oriented on high mobility
surfaces with the gate at same direction.

[0069] Various implants can be performed either before or
after gate formation including, for example, well implants,
source/drain extension implants, halo implants, source/drain
diffusion implants, gate implants and the like. Moreover, the
structures of the present invention can also contain raised/
source drain regions that are formed by conventional means.
Further processing such as, for example, BEOL (back-end-
of-line) processing, can also be employed at this point of the
present invention.

[0070] While the present invention has been particularly
shown and described with respect to preferred embodiments,
it will be understood by those skilled in the art that the
foregoing and other changes in forms and details may be
made without departing from the spirit and scope of the
present invention. It is therefore intended that the present
invention not be limited to the exact forms and details
described and illustrated, but fall within the scope of the
appended claims.
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What we claim as new is:
1. A method of forming a hybrid substrate is provided by
the step of:

forming a structure comprising a first semiconductor layer
of a first crystallographic orientation with a first wafer
flat and a second semiconductor layer of a second
crystallographic orientation with a second wafer flat
separated by an insulating layer, wherein said first
crystallographic orientation differs from the second
crystallographic orientation, and second semiconductor
layer is located atop said first semiconductor layer and
the wafer flat on each semiconductor layers are in the
same crystallographic direction as the surface; protect-
ing a first portion of the structure to define a first device
area, while leaving a second portion of the structure
unprotected, said unprotected portion of the structure
defining a second device area;

etching said unprotected portion of the structure to expose
a surface of the first semiconductor layer;

regrowing a semiconductor material on said exposed
surface of the first semiconductor layer, said semicon-
ductor material having a crystallographic orientation
that is the same as the first crystallographic orientation;

planarizing the structure containing the semiconductor
material so that an upper surface of the second semi-
conductor layer is substantially planar with an upper
surface of the semiconductor material.

2. The method of claim 1 wherein said forming a structure
comprises a layer transfer process.

3. The method of claim 2 wherein said layer transfer
process comprises bringing two wafers into intimate contact
with each and heating the contact wafers.

4. The method of claim 3 wherein said heating is per-
formed in an inert gas ambient.

5. The method of claim 3 wherein said heating is per-
formed at 200° to about 1050° C. for a time period from
about 2 to about 20 hours.

6. The method of claim 1 wherein prior to said protecting
step a pad stack is formed atop the structure.

7. The method of claim 1 wherein said protecting step
comprises lithography and etching.

8. The method of claim 1 wherein said regrowing step
comprises a selective epitaxial growth method.

9. The method of claim 1 further comprising forming a
liner or spacer on sidewalls within an opening formed during
said etching of said unprotection portion of the structure.

10. The method of claim 1 wherein said planarizing
comprises chemical mechanical polishing or grinding.

11. The method of claim 1 further comprising forming at
least one planar or multiple-gate MOSFET on said second
semiconductor layer and said regrown semiconductor mate-
rial.

12. The method of claim 11 wherein n-type MOSFETs are
formed on a surface having a (100) crystal orientation and
p-type MOSFETs are formed on a surface having a (110)
crystallographic orientation.

13. A method of forming a high mobility semiconductor
structure comprising:

providing a hybrid substrate containing a surface layer
comprising a second semiconductor layer and a
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regrown semiconductor layer, wherein said second
semiconductor layer has a second crystallographic ori-
entation and the regrown semiconductor layer has a
first crystallographic orientation that differs from the
second crystallographic orientation; a liner or spacer
separating at least said second semiconductor layer and
said regrown semiconductor layer; an insulating layer
located beneath said second semiconductor layer; a first
semiconductor layer located beneath said insulating
layer and said regrown semiconductor layer, wherein
said first semiconductor layer is in contact with the
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regrown semiconductor layer, and has a crystallo-
graphic orientation that is the same as the regrown
semiconductor layer; and

forming at least one planar or multiple-gate MOSFET on

both said second semiconductor layer and said regrown
semiconductor layer, wherein said at least one planar or
multiple-gate MOSFETs have channels and gates that
are oriented in the same direction and are present on a
surface that is optimal for said MOSFET.
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